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although the visibility in every other direction was good. At 7:30 
a. m. smoke sheets in ronounced billow formation began mewing 
toward the station witg good velocitiw. This phenommm was 
unusual on account of the great, amplitude md wave lengths of the 
billows, which passed only a short distance overhead, but a little 

in this connection attention is invited to the great difference in tem- 
perature observed in Sun Antonio, where there m s  the protective 
covering of fog bnd smoke, and at Kelly Field, 5 miles to the southwest, 
where free rltdiation was msible. The temperature in San Antonio 
at 7 a. m. wai 10° F., whipe xt Kellv Field it was 29O F 

BLIZZARDS AND CHINOOKS OF THE NORTH DAKOTA PLAINS. 

By F. J. I ~ A V E N U I C K .  Ohserver. 

[Aemloglcal Station, Ellendalr. N. Dah-., Nar. 16, 1920.1 

Note ma the muciiiirq of “Bk2(1rd. “-So far as known, this term wd8 
fist used in the middle western United States to describe a type of 
winter storm of rather frequent occurrence in that region, character- 
ized by (1) hjgh win$, (2) very low tempemture, and (3) an abundance 
of fine snow rn the tan. The etvrnologv of the word is Rtill Rpeculative. 
A lausible hypothesis trace its or&& to the German word blit:art;g 
(“&htninglike). said to have been applied to thaw storms by early 
German settlers in Dakota. 

There is a tendency, b0t.h in the United StateH and in other Englieh- 
speaking countries, to apply the word “ hlizzard ” indiscriminately to 
any heavy snowstorin accompanied hy more or less wind. Some 
remarks ertinent to this sub’ect, by Bostwick, Dines, and Bofiwinn 
will be Pound in Nature, vtdurne 97. 1916. paces 961, 330, and 301. 
This broad w e  of the term inipuirs ita utility fur purposes of exact 
dewiiption, and Rhould be discouraged. 

I t  is doubtful whether true ldixzards, charaeterized by intence cold. 
high wind, and blinding clouds of dry, powdery “snowdrift,” ever 
occur in the British Isles, and they are exceedingly rare in the eastern 
1Jnited States. They are not, honvever, peculiar to the interior of the 
American Continent, for the moRt intenre sturms of this chamcter 
heretofore recorded are thwe of Adel!: Land, Antarctica, SO graphically 
described in Sir Douglas Mawson’s Hnnie of the Blizzard” (Londnn, 
1915).-C. F. Tnl.mn. 

Picture to yourself a strong gale, snowstorm, and 
cold wave combined and ou have the state of the 

favorable time for one is after a snowstorm, when the 
temperature is low and the snow has not packed. The 
blizzard generally begins early in the morning and ends 
about sunset, although some of the more severe last for 
three or four days. The whole atmosphere becomes 
filled with needlelike snow and ice crystals, which, 
driven by a cold wind of gale force, sting the flesh and 
sift through the finest crevices. Caught in such a blast 
one runs the risk of suffocation, the action of the lungs 
being sto ped b the swiftness as well as the intense 
cold of t%e wind while the ice dust, which penetrates 
the thickest clothing, is more choking than a summer 
dust storm. 

It seems surprising to eople unaccustomed to North 

they stop to consider that at times it is impossible to see 
more than 10 feet away and there is such a roaring and 
cornmotion that the human voice can scarcely make 
itself heard, they would know that one may lose all 
sense of direction. Experience shows that a person 
almost invariably walks to the right of the course sup- 
posedly being taken, and as a result wanders about in a 
circle. As a safeguard ainst this danger some farmers 

Some cattle roam at will and thrive on the grasses 
without an care or shelter; but during a blizzard they 

under drifted snow or, in vain attempts to find food and 
shelter, more fre uently traveling with the wind, for no 

The storm is much more severe on the open prairie 
than in town because the build’ offer resistance to the 

weather in a blizzard on t i emopen prairie. The most 

Dakota weather how easi P y one may get lost, but should 

stretch wires from their Y ousea to outbuildings. 

wander aim s essly here and there, sometimes being buried 

animal will face t B e storm. 

wind. The buildings, trees, an T cultivation of the soil 

have also robably locally decreased the severity of 

with former years. The lo ic of this statement may be 

oraph whicK shows that blizzards are comparatively 
“shallow.” 

ressure passes south or east of the 
station during a bizzard and the wind aloft is usually 
much lighter than near the ground. The surface wind is 
from a nort-her1 direction, while aloft it veers toward 

kites. If the kites do not go too far to the west and if 
they rise through the light air, it is found that the wind 
backs to a northwesterly direction. 

There is much more static electricity in the air durin n 
blizzard than at  other times, due, presumabl , to t a e 
rubbing of snow crystals on each other. 1y here are 
records of over 10,000 volts on a few hundred meters of 
wire (see kite fights of Nov. 10, 1919, and Mar. 3, 1920), 
while on ordinary days the recorded amounts are less 
than 100 wlts for the same amount of wire out. There 
is usually a slight rise in temperature with altitude some- 
times extending to a mile above the surface. The rela- 
tive humidit is high on the surface and aloft. The one- 

blizznrz, which were the only kind observed at 
gcnda le  durin the past three winters, extend to an 

level weather conditions are about normal. Late in the 
afternoon the sky usually clears off entirely, while the 
snow still blows until shortly after sunset. Halos and 
parhelia, caused by the ine crystals in the air, areoften 
seen before sunset. 

After n. blizzard, even when the temperitture drops to 

the storm because we are, by this time, near the center o 9 about 40’ below zero, it does not feel so cold as durin 

the HIGH, which is accom nnied by light wind and low 
humidity. In  the blizzar1 the temperature drops all day, 
while on these extremely cold, calm da s the temperature 
is very low at sunrise and rises rapi d y during the day. 
If the wind is strong enough to raise the kites it is found 
that the temperature does not fall at  the usual rate but 
is about the same at  all levels to as high as it  is possible 
to o with the kites. 

#he weather is not always so cold durin the winter or 

the temperature changes almost 100’ F. in a few da 
on February 21 to 23, 1918. This is caused mainFt ;  
the effect of the chinook winds. The approach o the 
chinook is marked by a falling barometer, the winds are 
li ht, the sk is cloudleas, and the air clear and cold. 

sky. On some mornings it is possible to see objects 
which in reality are below the horizon. This is a condi- 
tion known as looming. The surface wind is always 
light and generally from the south while, when it is 

blizzards, t 1 ough, of course, not generally, as compared 

more clear1 understood a ? ter reading the nest para- 

the easterly, o 9 ten becoming too light to support the 

An area of low 

altitude of very 8; ittle over a thousand feet. Above this 

it would be impossible to raise live stoc i? . Sometimes 

Otjects stan B out in bold relief against an intensely blue 
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possible to get up with the kites, it is found that the wind 
IS stron and from the west leas than a thousand feet 
above t % e ground. There is always a big inversion of 
temperature often amounting to about 30' F. about 500 
feet up. This warm air floating above the cold, almost 
calm surface air causes the inverted image to appear 
above objects near the horizon. This effect is related to 
the chinook from the Rockies. The high tern erature 
aloft may come down, but more often there is a E ig tem- 
perature inversion for a few days and then the warm 
stratum of air disappears. 

Sometimes during such pressure distribution, i. e., a 
HIGH near Utah and a LOW north of Montana or the 
Dakotas, the effect of the ghinook is felt near the ground. 

The wind is from the southwest to northwest on the sur- 
face and aloft i t  is directly west. Instead of being strong 
on the surface and light aloft, ns in the blizzard, it is light 
on the surface and very strong aloft. The temperature 
at  this time is muoh higher above the ground than a t  the 
surface and continues so durin the entire period of 
the warm wave, as shown by l i t e  flights in series of 
November 17 and December 3-4, 1019. The surface 
wind increases in stren th and warmth during the day, 
but the wind is not so %y and warm as when it crosses 
the re 'ons nearer the mountain slope, because it has 

distance. Nevertheless it is still very warm and dry and 
fairly eats the snow. 

been a % sorbing moisture and losing heat for a great 

WEATHER FORECASTING. 

By H. H. CLAYTON, Chief Forecaaster. 
[Argentine Hetrorologiral 1 Wicc. Burnas Aires, Argenl inn, Fcb. 4, 192(1.] 

The very in t,ercst,ing discussion of weather forecasting 
bv Prof. v. njerklies in the MONT~JLY W1;:nTirm R.EVTEW 
ot February, 1919, leads me to recount hou- 21. somewh~t 
crude conception of his niethotls a.rose in t,he United Statcs 
Weather. Service, and t.0 suggest how certain relations of 
the mind to the gradient may be utilized. 

In  1892, when act,ing as local forecaster of the Boston 
section, I was called into Washington with other local 
forecasters for the study of t.he methods in use in the 
Central Office. There I encountered Mr. Rassler, of Cin- 
cinnati, and Mr. Wa penhans, of Indianapolis. In the 

out his use of a line drawn t,hrough a low area separating 
the winds having a northerly component, from those hav- 
ing a souther17 compoiient. of motion. He said it was 
useful in redictiii rain. changes of temperature, and 

convincecl myself of their uscfuliiess in reclicting weat1ic.r 
chan es a short time in advance ana ht?nce especially 

reason for the observed relations, but 1 concluded t,hnt. 
the rains observed along the line indicated were due t.0 
the underrunning of the warm southerly by t,lie cold north- 
erly winds, whereb the southerly winds were chilled 

so, I reasoned that besides the line runiiiii nearly north 

another nearly east and west separating t.he cold winds 
on the nort,heast side of the cyclone from those on the 
southeast side. These two lines run nearly at  ri lit. nn- 
les to each other, as is illustrated by the dotted kits in 

Egure 1. In making local forecasts at  Boston I freyueii$lly 
drew these lines, either actually or mentally, anrl I soon 
found that the were both lines of converging winds. I 

main factor to be considerec as the cause of rain and 
associated fair weather with diverging or parallel winds. 
It seemed to me that this view was confirmed by tropical 
cyclones around which there were no great difference iu 
tern erature, yet the converging winds protlucd ample 

Later, as meteorologist of the Blue Hill Observatory, 
I became associated mit,h Mr. John P. Fos, who volun- 
te.erecl to assist in certain lines of rewarc,h. Amoii those 
we took up the question of converging winds. Tfe evi- 
dence showed clearly that raiufall was in timat.ely asso- 
ciated with conver mg winds, and Mr. Fos discovered 

of the gradient. . In  other words, the more rapid the con- 

course of our various R iscussions Mr. Wappenhans poin ta l  

changes o P wind. !f began drawing these lines a d  soon 

usefu 7 to a local forecaster. Mr. Wappenhms offcrctl no 

by expansion and t i eir moisture condensed. If this was 

and south, which Mr. Wappenhans drew, t 5 ere might, be 

f came to consi K er the conver cnce of the w-mds as the 

rain ! all. 

that the quantity o f rainfall was related to the steepness 

verging winds tlie greater the rainfall. It was evident 
also that. humidity was a fact.irr, because with equal con- 
rcrgciice tlie raiiifall was rrleater near the coast t.han 
over the int,erior. This worL was donc between the years 
IF98 w1d 1903, but never publishcd, because it was con- 
sidered incom lete and was laid aside owing to the 
pressure of ot B er work with t.he intention of taking it 
up and completing it lat,er. In 1918 t.hc idea was pre- 
sented t,o the officials of the Weather Bureau at  Boston 
aut1 at  Washligt.on with esaniplrs taken from current 
weather maps. In 1916, with sli h t  modifications, the 

WEATHER KEVIEW and appeared in the MORTHLY 
WEATHER REVIEW of February, 1916. 

At that. t h e  I had not seen the masterly studies of 
Prof. Bjerknes a.nd Mr. Sandstrom, who deserve all the 
credit of originat.ing the thcory and putting it on a souiicl 
scientific basis; also for first publication. That the facts 
underlying t,lie theory had been partly outlined by others 
is a test.imony to t.he trut.11. 

I have not. yet seen all of the publislied results of these 
iible workers, but their researches prhit.ed in the M o m H L Y  
WEATrrEit  VIEW contain no men tioil of certain phases 
of the question which I believe can be used by forecasters 
in anticipation of the numerous observations and the 
drawing of stream lines as advocated bv Prof. Bjerknes. 
Owing to the great irregularities of locd winds it is diffi- 
cult to draw correct stream lines from a scattered net- 
work of st.ations, but it is possible to draw fairly correct 
barometric lines, hence 1 am accustomed t.0 draw stream 
lines horn the observed gradients, using observed winds 
sini 15;' as guides to the inclination OI stream lines to the 
oralien ts. 111 the arera.ge for lanc1 stat,ions in tem erate ' 

hi tudes  the wind has an inclination of about 45O. braw- 
ing winds at  this angle to the isobars. but ma.king the 
inclination somewhat less where the isobars awe crowded, 
we get a s stem of stream lines like that develo ed in 
figure 1. $he drawin of the strea.m lines as appied to 
ttn actual case in the%orthern Hemisphere is shown in 
figure 8. (See dotted lines.) 

Where there are no well-developed HIGIIS and LOWS, 
but the isobars have a wavy form, as illustrated in fig- 
ure 3, the relations may be embodied in the general state- 
ment that isobars coiica-i-e to the gradieut iuclnce con- 
ver ing winds resulting in ascending currents, cloudiness, 
an r f  rain, while conres isobars induce divergent currents 
with descent of air and fine weather. 

In figure 3, L indictlt.es the direction in which the pres- 
sure is low and H the direction of high. L' shows the 

essay thus repared was offered P or publication in the 


